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| IMPRODUCTION 


Tne theory and practice +6 lowed by the Bureau of Mines in tne investi~ 
gation of electrical equipment+/ made for service.,in gassy mines are of par- 
ticular interest not only to manufacturers but also to those Oreensiaut Ons: 


that deal with safety and inspection at the minese = °~ 


This publication proposes to discuss the theory wnon whicnu tests of 
equipment in explosive atmosyheres are based and to consider inspection and 
other matters pertaining to investigations made Dy the Bureau in ascertain- 
ing whether a machine merits oporovale 


The material herein contained is taken fron Bulletin 305,D/ which is 
now out of print, and has been revised and brought up to date to maxe the 
information again available to manufacturers, insnectors, and others in- 
terested in the development of safe equipment. 
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SAFEGUARDING MINE-TYPE ELECTRICAL EQUIPMENT 


In the coal-mining industry the récurrericé of ‘disastrous mine explosions 
long ago drew attention to tHe ‘imperative need for proper safeguards in the 
use of electricity if such catastrophes were ‘to be prevented, The present— 
day methods of mining, ‘which involve concentration of a number of electric— 
ally driven machines at the working face, muke’it more than ever necessary 
that suitable precautions be taken ‘to guard against clectric sparks or 
flashes in explosive atmospherese ‘The importance of adequate safeguards 
is realized when it is ‘uriderstood that ‘a‘current of less than 1 ampere at 
the brushes of a gioco oon motor is sufficient to ignite an explosive 


Safety lamps, gas detectors, shot-firing units, and other devices not 
having motors are not included in the meaning of mine equipment as used 
heres 

5/ Le C. Ilsley, E. J. Gleim, He. B,. Brunot, Inspection and esting of Minc— 
type Electrical Equipment for Pormissibility: Burcau of Mines Bull. 305, 
1929, 26 PPe 
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nixture of mine gas and air ad tuat this is only one of the numerous ways 
inwhich sparks can be produceds | 


The effectual safcsuarding of electrical cquipment denends on applica- 
tion of two of the practices folloved in safeguarding mines against general 
cazardse The more important and more widely adopted of thcse is ventila- 
tin, Ventilation of gassy mines that is sufficiently cffective to force 
emougn fresh air into the mine to dilute and sweep out the gas being 
liberated and prevent its accumulation in explosive proportions is a tre- 
nendous factor in preventing exrlosions of electrical origin. Ventilation 
ray therefore be considered the first line of defense in preventing igni-~ 
tions of gas by electricity. Another important safeguard is rock dusting, 
wich may be considered the second line of defensce Following these two 
in imortance should come the use of permissible electrical equipment. The 
first two safeguards, if adequately planned and maintained, will prevent 
cauastrophess; the third will tend to prevent less widespread explosions 
at tne face. If the first two preventatives are neglected, the last or 
taird may prevent disaster; therefore it is very important to have all 
electrical equipment in gassy sections of the mince properly safeguarded, 
"Purmissible" equipment should never be used in places where gas exists 
in amounts sufficicnt to be detected by a flame safety lamp. Such a pro- 
cedure is umsafe and can not be too strongly condemned, | 


CONDITIONS CONDUCIVE TO MINE EXPLOSIONS CAUSED BY 
7 ELECTRICITY 


The basic conditions that bring about a mine explosion initiated by 
electrical equipment improperly constructed or maintained are as follows: 
(1) The presence of gas. in. the immediate vicinity of the equipment, (2) the 
penetration of the gas into the equipment by diffusion or other means, (3) 
tse igition of the gas in the equipment by an electric spark or flash, and 
(4) the failure of the equipment to prevent the spread of the flame result— 
ing from that ignitione 


Flashes from short circuits or grounds from trailing cables of portable 
“acaines may readily cause ignition of gase The trailing cable is,.in fact, 
oie of the major hazards in the use of electrical equipment at the face. 
Imitions are also possible where short circuits or grounds occur on power 
and lighting circuits in the presence of guse Tne problem of devising 


“lequate safeguards for such circuits has not as yet been given the same 
Seclal study that has been devoted to the production of motors, controllers, 


. other electrical applianecs. This paper is, in gencral, restricted to 
Consideration of safcguards for ‘électrical equipment itself and does 
deal with trailing cablos.or other electrical circuits in tne mine, 


PRESENCE OF GAS IN ELECTRICAL APPAZATUS. 


mee is likely to enter the interior of electrical apparatus that has 

ce ee enough to permit “diffusion of the gas with the air. Diffu- 

oe te Rati place readily if the apvaratus is allowed to remain several 
room filled with gase A machine of the totally inclosed tyne 
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is much less liable to be filled with gas through diffusion then one having 
gauze or plate attachments designed to relieve pressure or to permit circu 
lation of air, Diffusion, however, is not the only way by which gas enters 
the interior of equipmen:. The metallic parts of electrical anoaratus are 
subject to variations of temperature during periods of rest and operation, 
Consequently, the atmosphere within expands and contracts, creating an 
unbalanced pressure with the atmosphere outside, This difference of pressure 
tends to become equalized by the transfer of gases in and out of the cas~ 
inge. Thus, gas may be drawn into the interior of an electric motor or 
other electric equipment through very small openingse Finally, if covers 
or other parts are removed while the apparatus is surrounded with gas the 
exposed interior soon becomes filled with an explosive mixtures 


FACTORS BEARING ON SAFETY 


The degree of hazard connected with the introduction of a piece of 
electrical machinery in a gassy mine and the possible results of an exnlo- 
sion within that macnine vary with the following factors: 


l, Percentage of gas in the atmosonere inside of and surrounding the 
machines 

2, Amount, condition, and eS aoneoesO™ of coal dust (bituminous) 

. din the mine, 

c° Degree of turbulence of the gas within the machines 

e Arrangement and size of spaces that may become filled with ex- 

plosive atmosphere inside the machine, 

5» Protection of sparking parts or parts which may give off sparks 
by an inclosure so that gas does not easily reach theme | 

6, Ability of tne inclosure to withstand internal cxypiosions of gas 
and prevent propagation of flame throug: joints, bearings, or 
cable cntrances, 


read of losions from en—type Apparatus 


If an explosion takes place in open-type equipment, the mixture surround 
ing it, if explosive, can reasonably be expected to ignite. Such an ex~ 
plosion in an anthracite mine would proceed only as far as the inflammable 
Mixture extended, but in a bituminous~coal mine, owing to the explosibility 
of coal dust, it might continue throughout the mine. In cithcr event lifc 
and property might be lost. | 


Spread of Explosions from Damaged Avparatus 


Good mechanical construction of electrical equipment is necessary, If 
-an explosion takes place in apparatus too weak in mechanical construction, 
walls will be distorted or cestroyed, bolts will be sheared, seams and joints 
will be opened, and the explosion may spread to the outside with disastrous 


Bureau 


Tlsley, L. C., The "Breathing" Action of Electrical Eauipment: 
of Mines, Rept. of Invcstigations 2813, 1927, 3 ppe 
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resultse Some iasaequeee genet is still used in mines because many de—- 
simers do not fully realize the necessity of providing sufficiently rugged 
euipment for mine worke Apparatus must be strong enough to withstand pres- 
sures Of internal explosions so that no path will be made for flames to ex~ 
cape and ignite explosive mixtures outside. 


Spread of Explosions Througn Openings in Apparatus 


small openings which have been overlooked by the designer, maker, or 
user are a source of possible hazard in inclosed motors and other electrical 
acessoriese These openings may be around lead wires or at bearings, or 
they may result from the omission of bolts or cap screws in holes tapped 
“wrougn the inclosure. In permissible equipment precaution is taken to 
reduce the chance of such openings to a minimum. Lead entrances and paths 
tarough bearings are provcd flame tizht by actual tests in gas, and the 
possibility of through bolt holes is generally eliminated by requiring that 
colt holes be bottomed. In spite of these precautions, careless assembly 
of parts may render permissible equipment unsafe. An Seplecion within 
clectric’ apparatus may also be propagated through specially protected 
openings that are sometimes used either to provide for a degree of venti-~ 
lation through the apparatus or to permit the relief of pressure follow- 
ing an internal exnlosion. Through improper design, neglect, or damage, 
iaese openings may fail to cool the escaping flames below the ignition 
‘emperature of the gas. Their behavior cannot readily be predicted, and 
taeir ability to prevent the distharge of flames can only be determined 
a tests in le gas of the particular equipment to which they be- 
O1Ze 


e 


: Cherastorietics of Mothane 


Ordinarily the only gas tnat occurs in coal. mines in cuantities 
sufficient to cause an explosion is methane, whose chemical formula is 
‘di. The characteristics of this gas will be bricfly considered, so that 
the basie principles: governing the design and test of suitable inclosures 
‘or mine electrical cen’ may be better understood. 


Inflanndbility Limits of Methane | 


bent ued propaz sation ‘of flame in mixtures of air and methane that con- 
vain less than 5 percent methane is impossible, whetner the mixtures be 
quiescent or turbulent, When'such mixtures contain more than about 15 per- 
cent methane, continued propagation of flame again becomes impossible. 
inese "limits of inflammability" are not affected appreciably by the ordi- 
rary variations of atmospheric temperature and pressure, but small quan- 
‘ivies of methane facilitate the propagation of flame in atmospheres con- 
taining considerable coal dust in (sus spensione 


Ignition Bemeuataae of Methane 


Methane is ignited in air at about 650° C. U/ To obtain ignition, a 
Saificient volume of the inflammable mixture must be maintained at or above 


! Dixon, H. 3., and Coward, He F., The Ignition Temperature of Gases: 
Transe Chem, Soce, vOle 95, 1909, pe Bil, 
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its lenition temperature for a.long enough periods Consequently, small 
electric or friction sparks may fail to ignite methane, just as weak sparks 
fail to ignite gasoline; even large flames of momentary duvation may not 
ignite methane. In general, nowever, the temperature of a strong electric 
spark or flash so far exceeds the ignition temperature that its duration 
insures an explosion in an explosive mixture; and a flame, except sometimes 
that of an explosive, usually lasts long enough for ignition of methane. 


Explosion Pressures of Mixtures of Gas and Air 


The physical-chemical section of the Bureau investigatcd the effect of 
the initial pressure upon the pressure developed when explosive mixturcs 
of Pittsburgh natural gas and air are ignited. A mixture containing about 
& percent of natural gas under atmosnheric pressure, ignited in a small 
stcel chamber, gave a maximum pressure of 7 vounds per square inch, as 
measured by a Crosby. gas~engine indicator. A second mixture in the same 
chamber having a similar percentage of gas, wider 10 to 12 pounds pressure 
above atmospheric, gave a maxinum pressure of about 135 pounds per square 
inche , 


Although these results are based unon special conditions, with other 
conditions constant a slight increase in initial pressure evidently has a 


marked effect upon the violence of the explosion. 


If an senlos iol takes siade in a compartment where parts, such as the. 
armature of a motor, are in rotation, the pressure is developed more rapidly 
because of the turbulence of the mixture and is consequently higher. Some— 
times the external gases are drawn into a motor interior immediately aftcr 
an explosion and continue to burn. This action is ususliy tcrmed "after- 
burning" and if prolonged may damage the insulation; but, what is more 
serious, the heating may allow flames to pass to the outside of the appa» 
ratus through protected openings or spccial "protective devices" that would 
otherwise be effective in cooling them. 


When an explosive mixture composed of methane and air only and uni~ 
formly distributed throughout the interior of the apparatus is ignited from 
a fixed point, reasonably consistent results are obtained so far as flame 
and explosive pressures are concerned. The pressure at any given point 
within the apnaratus will depend on where the explosion was initiated and 
to a certain Cegree on its proximity to relief openingse At cifferent 
points the pressure is greater or less, according to the distance the 
flame has traversed before reaching | that point and on the arrangement of 
the internal unoccupied spacee 


The explosion will be most violent when the explosive mixture in the 
inclosure contains between 8 and 10 percent methane ,but will not necessarily 
_be most liable to result in an exterior explosion, as experiments have 
Beyling, 0. Versuche zwecks Erprobung der Schlanrettcrsicherheit besonders 

geschutzter elektrischer Motoren and Apperate sowie zur Ernittlung 
gecigneter Schutzverricntungen fur solche Betricbsmittels Berggoewerk- 
schaftlichen Versuchsstrecke in Gelsenkirchen, 1 1906, 89 DDe- 
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denoustrated that a lower yercentage of gas will cause flanes to pass more 
easily through holes of gauze-protected pressure=relicf openings. 


Effect of Internal Arrangement of an Electrical Machine 


The arrangement of parts within a machine may have a marked effect upon 
the pressure developed by an explosion of gas inside, When an explosion be~ 
gins ab one end of a long closed passage, the pressure precedes the flame, 
md in this way the gas is compressed before being ignited. Conscquently, 
as the flame advances into the compressed gases the explosion pressure in» 
creaseSs This effect is termed "pressure~piling." 


Similarly, when two or more compartments are connected the pressure= 
tiling may become exceedingly dangerous, especially if the ignition starts 
ina large compartment connected by a narrow passage to a small compart~ 
rent. Isolated compartments or an arrangement of parts that will not re~ 
sult in excessive pressure should therefore be followed in the design of 
permissible-type equipment, | 


Effect of Coal Dust in the Apnaratus 


Coal dust may be present in the gassy mixture as a dust cloud whose 
jensity is a variable quantity difficult to measure or Cuplicate under orm 
dinary testing conditions; or the dust may be in the form of a deposit, 
various amounts of which may be stirred up by the force of an explosion, 
Sone of these coal particles are distilled, some arc decomposed and enter 
ito the combustion, and some are driven out through openings in an in 
cendescent state. Tests made by the Bureau of Mines have not shown defi-~ 
nitely that the presence of coal dust within the apparatus increases the 
canger from explosion, In the numerous tests of apparatus made by the 
bureau coal dust appears, in general, to lower the explosion pressure if 
ine most explosive mixture of gas and air is used and to increase the pres» 
sure to.a less marked extent if lowcr percentages of gas are used. How. 
cver, there are so many exceptions that the effect of the coal dust in any 
terticular case can not be predicted. Aside from its effect woon the 
csaracteristics of the explosion, coal dust serves a useful purpose in 
practical testing work by making flomes readily visiblee Very hot flames 
of natural gas may have the characteristics of the flame of a Bunsen 
turner and be virtually invisible in daylight, but the presence of even a 
siall amount of coal dust colors the flame and makes it casily seene 


PROBLEM IN CONSTRUCTION OF FEPMISSIBLE@TYPE EQUIPMENT 


Hanes tend:.2g to escape to cool them below tie ignition temperature of 
neunaney 650° C,, and so that the enclosures will be strong enough not to 


a wen gas is exploded in them. Cooling may result from contact of the 
“anes with metallic surfaccs at joints or discharge openings of protective 
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devices through which they pass, from sudden expansion of the gases as they 
are released from the enclosure, or from both. contact and expansion, In | 
fact, while one or the aa of the above conditions nay predominate, some 
coolinz from contact and some from expansion always will take place, as the 
flames must come in contact with the sides of the openings through which 
they escape, and tnzre will-be cxpansion as the products of combustion 
reach the surrounding atmosphere after RReEES forced out under pressure of 
the intcrnal explosione 


In the foregoing oan cffort has been made to show something of the need 
for special construction of clectrical equipment so tnat it may not be a 
contributing cause of a2 mine disaster. Certain details followed by several 
manufacturers in the construction of this special type of equipment have 
been described in other publications of the Bureau, and therefore the various 
phases of designing machines will not be discussed heree 


The course pursued by the Bureau of Mines in Getermining the safety of 
the design of equipment will be considered next. This procedure is outlined 
briefly in a "schedule," the current edition of which is designated Schede 
ule 2D. This schedule gives tne procedure to be followed by the manufac~ 
turers in suomitting equipment for investigation and prescribes certain in 
spections and tests designed to disclose any unsafe featurese It also gives 
requirements to be met in tne construction of bearings, cable entrances, and 
other parts that ‘must be made vroverly to prevont failure in teste In addi- 
tion, “the paces Bearers. for the investigation are itemizcede 


Preliminaries in Avrroval for Permissibility 


When’ a manufacturer has built a coal cutter or other electrically. 
operated machine that he desires to have anj:roved as permissible for use in 
gassy coal mines the first stens to take toward obtaining approval are as 
Onn O EE . 


le A letter should be written to the Director, Bureau of Mines, 
fa Washington, De C., avvlying for insnection and tests leading 

to approval of the machine. A covy of this letter should be 
sent to the Electrical Engineer, Bureau of Mines Experiment 
Station, 4800 Forbes Street, Pittsburgh, Pa. 

Ce A certified check or bank draft made payable to the Treasurer 
of the United States for an amount to cover the charges for 
inspections and tests should ve sent with the original letter 
to Washingtone | 

3e A complete set of detailed working drawings showing the dimen- 
sions, material, and relative arranzement of parts should be 
sent to the Electrical Ingineor, Burenu of Mines Experiment 
Station, 4SCO Forbes Strect, Pittsburgh, Poe 

4, The drawings should be accompanied by a description of the 
equipment, which should include the conmmlicte rating of each 
motor, the capecity of fuses, the capacity and setting of 
overload relays and circuit—breakers, the method of controlling: 
and protecting cacn motor, and a diagram of. clectrical circuits 
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in the machine. If a trailing cable is uscd with the machine,’ 
its size, make, and type and the provision for attaching it to. 
the power circuit should be specifiede 
5e Unless notificd to the contrary, the manufacturer should send, 

propaid, one complcte set of clectrical accessories for test 
‘and inspection to the Bureau's Pittsburgh Expcriment Station, 
marked for the attention of the Electrical Enginecr, as soon 
as convenient after making application. Any special tools, 
such as bearing pullers, that may be required in taking the 
machine apart should accompany the equipment. Gearing and 
other mechanism that. do not form vart of the electrical en~ 
closures need not be sent; that is, it is generally not 
necessary to send a complete machine when the motors,’ con-... 
trollers, and rheostats can be dismounted from the bedplate 

or frame. 


Criticism of Proposed Designs . 


Manufacturers inexperienced in designing equipment to meet the Bureau's 
Tequirenents and sometimes those having experience desire advance informa 
tion and advice so that features obviously unsuitable may be eliminated 
vefore actual: constriction is started. The Bureau's engincers at Pittsburgh 
are ready to offer assistance by pointing out in what respects the design 
is umlikely to pass the specified inspections and tests. This is best 
xcomlished by having the manufacturer's representative, preferably some 
one from the engincering department, furnish fairly complete drawings for 
tae proposed design to the Bureauts: engineers and discuss with them any 
mestionnble features A number of manufacturers have availed themselves 
of tais-opportunity of. conferring cn questions of design and nave thus 
saved time and effort in developing machines for aporovele No charge is 
rte for this assistancce 


Inspection of scone stale Rach 


. The Bureau places great emphasis on. thorough inspection of all elec- 
trical accessories, such as motors, rheostats, controllers, headlights, - 
etce The object of the inspection is twofold: (1) To comare the apparatus 
with the manufacturer's Gimensional Cravings to ascertain if the design 
specified is the same as that of the serps accessories tested and inspec- 
ted by the Bureau, and (2) to become more femiliar witn the construction 
and assembly of the parts and Giscover unsafe conditions that might be 
eesreoree if Gary nee only were consul Hees 


To make such an Taeneetion. the senate cue must be completely. dis- 
assembled. This work is done in a large laboratory convenient to the 
testing gallerys. Figure 1 is a genoral view of this laboratory, which 

‘acludes facilities for handling motors end other electrical units shipped 
infor test. These consist of a 4-ton electric hoist, a 5-ton electric 
‘reveling cranc, ond severnl chain hoists: of 1 and 2 ‘tons capacity. Ma- 


os can be unloaded from: trucks and brougit into the letoratory through 
sarge doors at = rear DY means of the on eee hoist, or trucks can be 
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packed through these doors for unloading by the 5-ton hoiste Various sizes 
of platfornis mounted on casters facilitate moving the parts during inspec- 
tion and prenaration for testse Pnotographs of assembled and.disassembled 
parts constitute am important portion of the Bureau!s records, and these 
platforms are useful for supporting the parts to be photographed. © 


In connection with such an inspection certain general data are desir- 
able if the equipment is to.be completely identificd, such as: (1) Name of 
equipment and date of its receipt. (2) Complete rating of equipment. (3) 
Is cquipment new or revised from parts already tested by the Bureau? (4) If 
revised, how is it essentially diffcront from cquipment originally investi- 
gated? (5) Docs submittcr manufacture essential parts? (6) If not, give 
name of builder, 


The Burcau makes a record of all @iscrepencics between drawings and 
apparatus submitted. These differenecs are called to tne submitter's 
attention so that corrected drawings may be furnished. If drawings prove 
inadequate to identify the cquinpment proncrly, more complcte drawings are 
requestcde 


The following inspection outline indicates the extent to which the 
Bureau. gocs in an cndcavor to check those features bearing on the safe 
operation of apnaratus and to nave an identifying record of what was actually 
testcde 


Flange Joints 


le Types of flangc (plane, step, cylindrical, or irregular). De~ 
scribe fully. 


Ce Measure carefully to scc if tne width and clearances vary from 
dimensions given in drawings and determine whethcr the minimum requirements 
of the schedule are met eat all points. (When the internal air space is 60 
cubic inches or more in volume, the width of joint must be at least l 
inch, and not less than 3/4 inch for volumes under 50 cubic inches). 


3e If the joint does not consist of metal-to~metal contact through— 
out, note the clearances founde 


Covers 


le. Describe, including (a). material, (>) shape, (c) strength, and 
(a) types 


2e Fastenings: (a) If bolted, give number, spacing, and size of bolts, 
studs, .etce, used; (b) describe special desigus. 


3-e Security of fastenings: (a) Waat is used to prevent cover fasten— 
ings from loosening? (b) Docs nut bind or screw bottom before cover is 


clamped by it? (Lock washers, castcllated nuts, scal, or equally suitable 
method must be used to sccure bolts, nuts, and othor fastenings against 


loosening). 
8349 , SO 


Google 


Ie C. 7185 


Lu. Covers with glass (for meters and headlights): (a) What material 
isused for cushioning glass? (Rubber, putty, and plaster of paris are not 
eeeeptable for this ovrposee) (b) Is glass protected from being struck 
wy falling and moving objects? ; 


Se Locks and seals: Are padlocks or seals used to prevent opening - 
of covers not held by bolts or screws? 


6. Design and construction: Are covers satisfactory, and if not, 
to what extent deficient? | 


Through Holes 


le List all holes, except bearings, through walls of the casing, in» 
cluding those for field pole bolts and lead entrancese 


eo Tabulate holes in which studs, pins, rivets, etce, are riveted or 
velded in placee Is riveting or welding satisfactorily done? 


3. Specifications for diss: (a) Do drawings svecify not to drill 
bettoned or blind holes throvgh? (b) Is welding the end of studs, filling 
soles with rivets, etce, specificd? 

Le Special drain or pressure—relief devices: (a) Describe, giving 
position, purpose, etce (b) Are they protected against corrosion or clogging 
with grease and dirt, which might destroy their cffectiveness? 


Bearings 


1, Type of bearing ena bearing, sleeve bearing, etce): Give de~- 
signation by number ond maker, 


ce Describe path of possible flame through bearing, jaeraains (a) 
wietacr or not construction agrees wita drawings and (b) whether or not 
Clearences are properly specified eune if they agree witn the specifications. 
3e Bearing caps: (a) Does outside cap completcly close bearing open~ 
ing? (b) Is there an oul Grain in the cap? (c) How is the eap secured 
‘cainst loosening? (2) Is the cap necessary to retain parts of bearing 
assendly? | .: 

4, Oil holes: Is there a Doses fleme natn through oil holes? 


5e Is lubricant necessary to prevent passage of flames? 


Lead Entrances 


| ane Type of lead entrance: Describe fully (stuffing box, insulated 
ayn ’ etc, a 


ee Are stuffing boxes proverly packed with enougn vacking material? 
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3e Are parts secured against loosening? 


4u, Are terminals adequately secured to prevent loose contacts? 
De ‘bre eublacacteey strain clamps provided for holding cables? 


6. Are outside terminals adquately protected against accidental con 
tacts, short circuits, and mechanical injury? 


7e Is the wiring inside of compartments adequate and is it properly 
supported and protected? 


& Are cables adequately specified as to type, size, number of con 
ductors, etce? Special note should be taken of leads for resistor com 
partments and those passing through stuffing boxeSe 


9e Are splices ovtside of compartments indicated and are they in~ 
sulated satisfactorily? 


Conduits 
1. What type of conduit is used (hose, metal, etce)? 


Ce How is conduit secured: (a) To the compartments, (bd) between 
compartments? 7 : 


¢ ny 


3e Are arrangement and fastening of conduit sa atisfactory? 
Hlectrical Clearances and Insulation 


Are parts of opposite polarity adequatcly insulated or separated from 
each other and from the metal walls of the enclosure? (If the amount of 
clearance does not aprear satisfactory, electrical tests eoeuee be made to 
prove whether or not the clearances are adequate.) , 


General 


le Inspect for workmanship, general design, and adequacy of materials 
usede — i 


2e Special items: (a) Note rated capacity of fuses (or setting of oven. 
load relays) e (d) Does ease of renewing fuses or resetting of circuit | ; 
breakers comply with schedule requirements; are adequate interlocks used, 
etce? (c) Are there any partitions or barriers in the comer neaee that 


might cause pressure piling? 


Drawings 


Most electrical machines are sommoaed of several complicated partse. 
To identify all of these parts completely usually requires a large number’ 
of general and detailed drawings. These are stamped with the date of re- 
ceipt and are kept on file by the Bureau. 
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Drawings constitute the chief record of the designs approved by the 
bureaa and are the basis upon which approval is granted. For this reason 
apainstaking comparison of the drawings and the material inspected is madee 
me naterial must conform to the drawings, and all machines built under a 
given approval number must adhere strictly to the record drawings, For ex~ 
ample, if a cast-steel controller enclosure is submitted to the Bureau for 
inspection and tests the drawings must specify that material. <A change to 
cast iron in the course of regular menufacture without inspection or test 
by the Bureau might result in a burst casting if an explosive atmosphcre 
sould reach the interior of the controllers, This docs not mean that 
changes are prohibited after approval has been grantcd. If a modification 
is wanted to improve the machine or correct some undesirable feature the 
suuitter should apply for an extension of approval, explaining the changes 
desired and submitting revised drawingse If the cnange docs not affect the 
strength of materials, internal volume, or flame paths, an extension of 
approval is generally granted without inspection or teste 


EXAMINING AND TESTING EQUIPMENT FOR PORMISSIBILITY 


The most satisfactory method of proving a computed factor of safety 
is.to subject the theoretical to a practical demonstrations Likewise, the 
nost satisfactory proof of the safety of an explosion-proof electrical 
accessory is to subject it to the adverse stresses and strains that ‘occur 
waen an eXplosive mixture'‘that fills the compartment is ignited. The 
hureauls wide experience in testing explosion~proof electrical accessories 
of numerous designs and makes has frequently demonstrated that even manu- 
facturers experienced in the design of permissible-type equipment occasion= 
ally submit unsafe and weak designs, Within 1 year three important firms 
suinitted compartments that failed when subjected to explosion testse 
Actual test is needed to assure adequate designe 


The weakness of a compartment is not always evident from an inspection, 
although an experienced investigator often can foresee ite However, the 
facts concerning the suspected wealmess can be readily determined by a few 
“ests in an explosive mixture. If the compartment fails there can be no 
ergument concerning its proved weakness, and a now and stronger design will 
de hnecessarye Tests in explosive mixtures are also of value in that they 
frequently reveal unforeseen deficienciese = 


Facilities for Testing 


¢ 


Owing to the size and weight of the equipment investigated, large 
crparatus is needed for effective testing. In this respect, the Bureau's 
anpliances for permissible testing of equipment in explosive atmospheres 
*s believed to be the most complete of that of any country and is the only 
one of its magnitude in the United States. 


. The laboratory in which the assembling and inspection of equipment 
vakes place has already been shown in figure le It incluces a large radial 
rill press for drilling the compartments when preparing them for tests in 
splosive mixtures. The several cranes already mentioned in connection with 
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the inspection work are also available for handling the equipment when pre 
paring it for test. : 


-.. An overhead craneway extends from the inside laboratory to the testing 
gallery outside (figs 2). This craneway facilitates handling of equipment 
‘between the laboretory and the testing gallery and thceredy greatly expedites 
routine testing. | 


The testing gallery (fige 3) was donated to the Burcau early in its 
investigative work by several manufacturers of mine equipment and has proved 
very effective. The work that can be performed witn it in a day is at 
least four times that accomplisned noe the former less=developed type of 
testing gallery. | 


One of the serious problems in large-scale tests of electrical equip 
ment for permissibility is to provide enough gas suitable for producing the 
explosive mixtures, The Bureau is narticularly fortunate in having avail- 
able an ample supply of natural gas taken from the Pittsburgh supply mainse 
_ This gas is not only especially convenient and comparatively inexpensive, 

but. it also has a composition and characteristics that make it particularly 
suitable for such investigationse Although the composition varices from tine 
to time, a typical analysis is 82 percent methane, 16.4 percent ethanc, 15 
percent nitrogen, and a trace of carbon dioxide, The methane content 
usually exceeds 80 percent. The suitability of natural gas for testing 
-. purposes was the subject of a special investigation conducted in the Bureau's 
| gas laboratorics to detcrmine to what cxtent the use of natural gas in place 
of methane is justified, The following conclusions were reached as a result 
of this investigations: ; 


These general conclusions show that naturel cas is somewhat 
more inflammeble than methane. The use of natural srs instead 
of methane for testing electrical equipment, flane scfety lamps, 
and explosives for their safe use undcrground is thcrsfore justi- 
fied so far, for ony difference betwcen natural gas and methane 
is on the safe side; moreover,-the differences are not so great 
that any hardship is imposed on the makers of such equipment by 
tne slightly greater stringency of the tests with natural gas. 


Where the term "gas" is used in deseetving the Bureauls tests, Pitts 
burgh natural gas is meant. 


Details of Apparatus 


The complete testing gallery consists of the following parts: (1) An 
explosion chamber in which the mine equipment is tested; (2) a fan and pip 
ing system for mixing and-circulating the explosive mixture in the explosior 
chamber and in the equipment under test; (3) a switchboard on which are 
mounted the electrical controlling apparatus and wiring for directing the 
action of the gallery; (4) a crane (previously mentioned) surmounting the 
gallery and equipped with a %=ton electric hoist; (5) other miscellaneous 
apparatus, including a gas meter for measuring the gas admitted to the 
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Figure 2.- View of test chamber with 3-ton crane. 
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Figure 3.-— View of test chamber ready for a test. 
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gellery, a recording préssure indicator that can be sttached, 66. one Ghatie 
of the equipment under test for recording the pressure. developed. therein by 
the explosion, and spark plugs that can be mounted at desired points in the 
equipment to initiate the Se within the casings oe ee the 
gallery Propere 2 | : gs 


The explosion chamber consists of a cylindrical eisek ‘shell. with A: 
circular top or covers ‘The shell has an internal diameter of 10 feet and- aS 
a height of 41/2 feet. The lower edge of this shell is sealed with pitch .- 
in a channel made in the concrete base. Figure 3 shows the gallery closed ~- 
in readiness for a teste Two testing engineers are in position at observa~ — 
tion windows for noting the results, The engineer at the left has his 
right hand on the firing switch for closing a circuit that causes.a spark 
to ignite the explosive mixture within the motor or other part under ine. 
vestigation. The small building at the left houses the apparatus for cir 
culating the explosive mixture in the chamber as well as necessary control 
for the hoist and other electrical circuits. 


The cover of the chamber can be raised for clearing out the explosive 
nuixtures and for-entrance of testing engineers to make necessary changes | 
in connections, replace pressure indicator cards, and examine the equip- 
ment under teste The cover is slightly more than 10 feet in diameter and 
has a downward-projecting rim that rests on a rubber seal in the channel 
around the top of the chamber, 


For quick release of pressure when the mixture in the chamber explodes, 
the cover is provided with four onenings covered with waxed—paper heads or 
diaphragms. These paper heads, which are 42 inches in diameter, are each 
clamped in position by e cast-iron ring having a roundcd edge that fits 
closely in a turned groove around each opening. The diaphragms are made 
of black paper to exclude light from abovee When the eee is not in 
use, they are protected from the weathcr by sheet-—iron covers 


Four windows with glass 1 inch thick are peas spaced around the 
chamber and permit testing engineers and witnesses to observe the results- 
cf each test. Observations are made through slots in‘wooden covers over 
tre windows, the slots not in use being closed to exclude outside light. 
Ssarks and flames issuing from joints, bearings, or other openings of the 
vart under test can be scen more readily if the intcrior of the chamber 
is darkened. The windows are partly shielded with sheet-metal hoods to 
rrotect the observers from flames from the top of the chamber when there 
-S an explosion inside. 


Figure 4Yis a diagram of the testing apparatus in elevation and shows 
clearly the arrangement of fan, valves, and pining used in making and cir 
Cilating the explosive mixtures, ; 


Figure 5 shows the switchboard for controlling the various electrical 


ons and epparatus necessary in the operation of the gallery. Beginning 


‘ the left, the first panel includes controls for the }ton crane, switches 
sor Lighting circuits, and a rheostat for use in starting direct—current 
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motors under teste The conter penel includes a switch with speed control 
for the circulating frn.e The tnoird panel includes a thermal-conductivity 
instrument at the top for chee™ing the gas content of mixtures in the test 
chamber, and three circuitebreaters protecting the test circuits that ex- 
tend into the explosion chamber, Below these circuit-breakers is a plug 
and—socket arrangement trot zives flexibility in the selection and control 
of the gallery tcst circuits. eter a measures tne cubic feet of gas re~ 
quired in makine the explosive mixturecs Levers b are used to operate 
valves in the piping connections of the apoaratus under test... The filling 
of this apparatus witn explosive mixtures and the sudDsequent isolation of 
_its contents from the piping and from the surrouncins mixtures are effected 
from outside the testing chambere 


Levers c and a convrol valves in the circulating system between the 
fan and testing chambore To protect the fan azainst destruction by an exe 
plosion traveling into trie circulating system from tris chamber, the valves 
controlled by levers c are closcd before each test, and tne explosive mix~ 
ture in the fan is displaced with fresh air by opening the valves controlled 
by levers de 


Figure 2 shows the sellery sanerstructure and the crane used with the 
testing gallery. Crane a raises and lowers the cover and transfers appa- 
ratus between the main laboratory and the gallery. It is also employed for 
loading and unloading cf shipments of test apnaratuSe : 


Two tests are generally mede with each mixture of explosive gas pre- 
pared in the testing chamber, Tne cover is tnen raised and held by safety 


catches in uprights b while the chambcr is being cleared of gas and while 
engineers are insides As the extire ton of tne chamber can be lifted, the 


gas is removed quickly with tne fan and there is little delay between tests. 
Test Procedure 
Preparing Ecuipment for Explosion Tests 


As previously statcd, equipment is prepared for t2st in the main lab- 
oratory (figs 1). The preparations are not complicated and consist mainly. 
of drilling and tapping two sets of holes in the part to be tcstede One 
set of these holes serves as pipe connections to adnit gas to the interior. 
When feasible these holes are drilled and tapped for 1 1/2-inch standard 
pipe; otherwise smaller holes are made. These gassing holes, usually two 
in number, are placed so as to obtain the lonzest path between the point 
of entrance and the point of cxit for gas circulated through the compartment 
If the internal arrnngoment is complicated, ndditional gassing holes-some~ 
times are necessary to insure having the compartment comletely filled with 
the explosive atmosphcre. The second set of holes is used for two pur- 
poses: (1) For attaching a recordinz pressure indicator and (2) for ine 
serting spark plugs. These holes are drilled and tapped vith 1/2-inch 
standard right-hand pive thread and are used for both spark plugs and the 
pressure gage, They are placed with a view to learning tne point of hignest 
pressure developed for various points of ignitione 
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Figure 6.— Rheostat box arranged for test in gallery. 
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Sometimes the Burcau's ‘engineers can indicate on a blue print the posi- 
tion of the holes required for she explosion tests, so that the holes can be 
drilled and tapped at the factory before the material is shipped to the 
aes testing gallery. When the holes cannot be satisfactorily® spotted 

from a study of the blue PEtaeey they must be prepared axter the equipment 
~xrives at Pittsburgh. 

The manufacturer is required to provide a man to essist in preparing 
eculpment for test. The Burcau'ts laboratory is equipped with a drill press 
and the necessary tools for this work, The company is notified by the 
Rircau when this assistance is required, that is, the date on which work on 

treir equipment is to commencee It is to the manufacturer's advantage to 
send some one not only familiar with the equipment but also familiar with 

company procedure in nandling changes in design and corrections in specifi- 
cations, so that besides being able to assist in’ assembling, disassembling, 
and preparing the equipment for tests he can materially expedite the handling 
of these matters. In many cases this same man can conveniently serve as the 
coneny ss official witness of the testse | 


After drilling and tapping and after again seceuyines the equipment, 
tre next step in preparing for tests is to mount the parts in the testing 
chanber or gallery so that they can be readily seen through the observation 
windowse Valves and viping are then attached for circulating the gas-air 
nixture through the equipment, The recording pressure indicator is then 
connected at one of the 1/2—inch holes, and spark plugs ore inserted in the 
remaining 1/2~inch holes. If the compartment is a motor, electrical connec- 
tions are also mede so thet it may be run. Figure 6 shows a typical set-up 
in which a rheostat box has been prepared for teste Pressure indicator a 
is shown connected at point 1 of the ‘several 1/2-inch holes, which are 
numbered in chalk for convenience in reference during the testse The in 
cicatomprotecting case is open to show chart b, on which pressure is re~ 
cordede Ignition cable c is connected to a spark plug at point 2. The other 
1/2minch holes are closed with spark plugse At the left end of the rheostat 
boxe ou 1~1/2—inch, quick-closing valve is connected at the point where 
suction is applied to draw the explosive etmosphere into the rheostat box. 
ce explosive atmospnere enters the box through the 1l-1/2—inch, quick—closing 
valve at the right end. These valves are opened by mcans of ropes attached 
ta the valve handles. When the ropes are Bene uees springs d, fastened to 
wag handles close the valvecse 


Cycle of Tests 
The cycle of tests is as follows: 
4- The equipment is placed in the testing gellery and is piped to 
. the gas-circulating system so that any or all compartments 
can be filled WERE a mixture of gas and air under atmospheric 
pressuree 


ew Spark plugs cre installed at different points, so that the 
point of ignition will be urder the operator's controle 
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A pressure indicator is connected at diffcrent points to record 
the pressure devcloped by the explosion in the compartment 
under tcste 

In tests to determine the effect of the presence of coal dust 
in the atmosnhere the dust is usually forced through the 1/2- 
inch holes by a hand bellows into the inside of the compart— 
mentse 

When the snark plugs and pressure indicator have been connected 
at the desired points the testing gallery is closed, and an 
explosive mixture of gas and air is mace by adding the proper 
quantity of gas and thoroughly mixing it with the air under 
atmospheric pressurce The number of cubic feet of gas ad~ 
mitted to the gallery to produce explosive mixturcs is known 
from calibration, The proportion of gas generally used in 
the tests is $e6 and 7 percent, both with and without coal 
duste 

The explosive mixture is then drawn into the compartment or 
compartments under test, and the compartment is isolated 
from the piping and testing chamber by closing the quick» 
closing gate valvese 

Observers are stationed at the observation windows of the 
gallerye 

The mixture within the compartment is ignited by means of 
one of the spark plugse (This ignition is automatically 
timed with the release of the indicator drum to give a 
satisfactory prcssure diagram) 

Observations are recorded. 


10. A second test is gencrally made with the same gas mixture and 


under the same conditions, the indicator drum being reset 
from outside the gallcry. 


ll, The gallery is opencd and the gas mixture removed by the cir 


culating systecme 


le. The operator cnters the gallery, makes his inspection, removes 


If the equipment is to meet the test requirements satisfactorily, the 


the indicator card, puts in a new onc, and prepares the equip- 
ment for the next teste 


gas mixture surrounding the equipment must not ignite, flames must not be 


discharged from any point, there must be no prolonged afterburning, and ex~ 
cessive pressure must not develop in any of the comp: rtments. 
requires that at least 10 tests be made. 


Schedule 2D states that the "casings forming the enclosure for class 1 
parts shall be of suiteble material and especially durable ***," 
this authority, the testing engineer is justified in condemning any evident 
weakness in construction, although it may not show up detrimentally in the 
explosion tests. 


Adequacy of Equipment 


Having 


Thus, parts that are unquestionably weak are often con- 


aemed as a result of the inspection. 
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The Bureau sometimes has resorted to more or less arbitrary tests to 
gain information as to the adequacy of different accessoriecse For example, 
tne mechanical durability of batteries used on storage~battery locomotives 
wns open to question. The various makcs of batteries were thercfore sub~ 
jeeted to mechanical abuses, in which, by merns of a cam arrancement, they 
were bumped 100,000 timese The headlizhts of locomotives were also sub- 
jected to similar mechanical abuse and the batteries of the locomotives. In-~ 
vestigated to settle the question of gassing during discharge. Such tests 
are valvable where data and cxocrience are lackinge © 


During recent years the Bureau has been paying particular attention to 
the adequacy of fuses, circuit breakers, and other protective devices. These 
are intended to protect the machine and its wiring, and if they do not per- 
form their functions properly the equipment is endangered and made-less safee 
It is therefore desirable, whcrever possible, to test such devices for the 
maximum load they will meet in service and under conditions as near those 
met in survice as laboratory test conditions permite . Such devices are in- 
vestigated to see that they will operate without snort-circuiting or ground- 
ing. Mine equipment is probably more susceptible to these faults than any 
other class of machinery, owing to crowding of parts in the effort to make 
the equipment as small and compact as »wossible. Hence, electrical tests are 
of value in disclosing inadequacies of insulation or clearance. If inade~ 
quate insulation is used or live parts are too close to casings, short cir 
cuits or grounds may result and burn holes througn the casings. Fuses and 
other automatic circuit-interrwmting devices should be of such a eCepecrty 
and vanes as to protect wiring outside of compar vueR es 


Switches also have been given more ateention as permissible testing 
progressed. A switch should be capable of opening the maximum current 
permitted by the automatic protection device without short—circuiting or 
sroundinge Some designs have becn changed in recent years to meet these 
requirements, and the result has becn more durable switches that are more 
suitable for the severe conditions prevailing in mincse 


COMPLETION OF INVESTIGATION 


When the routine inspection and tests have becn completed, séverel 
‘things mast be done to complcte the investigation. If there has bcen any 
change in the construction of the cquipment that renders any of the drawe 
ings obsolete, the testing engineer must obtain corrected drawings from 
tne manufacturer, If the drawings do not identify the equipment completely, 
additional drawings must be obtained. As soon as a complete set is 
available a drawing list is prevared that segregates the drawings accord 
ing to the accessory to which they apply. This list gives the name of - 
the drawing and the date of its receipt and forms the necessary BeeorS 
for reference. 


After the equipment has been tested it is usually subjected to a final 


inspection, Whenever possible it is desirable to inspect a completely 
assemoled unit, including all electric wiring between the various compart 
zentse Occasionally the Bureau's engineers make a final inspection of the 
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completed machine after it has been shipped to the mine, but this inspection 
is usually made at the factory where facilities permit a thorough, conveniy 
ent, and quick inspections Also, if any changes are found necessary they - 
can be made most satisfactorily before the machine leaves the factory. 
Photographs of the completely assembled unit are especially valuable in ine 
terpreting the drawings, and the manufacturer is asked to supply the Burcau 
with copies if posslblcas 


When the investigation has been completed, the wording for an appropri- 
ate plate is chosen. A full-size illustration is prepared of an official 
approval plate that carrics a serial approval number to aid in identifying 
the machine in the Burcau's recordse 


. Finally, the testing engineers make a recommendation to the Director of 
the Bureau of Mines through the tentative approval letter that official 
approval be granted. The formal letter ultimately sent to the manufacturer 
states the conditions under which approval is granted and includes a list 
of drawings and specifications covering the design approved, With this 
letter the manufacturer also receives a photographic copy of the official 
- approval plate designe He then has the actual plate made using this copy 
-a8 a basis. The approved machine to which oa plate has been attached may 
then be termed "permissible." 


POSTAPPROVAL INVESTIGATIONS 


The designs approved are usually placed in active service soon after . 
approval has been granted. As a result of actual ovcration it is common 
expcricnee that some of the accessories considered in the opproval may need 
modification to mect the user's wishes or for othcr reasonse The modifica 
' tion may be only a minor change or it may represent extensive alterations 
in one or more of the compartments. In any case the company holding the 
epproval should submit blue prints showing the desired change and request 
om extension of approval for the changed design. The cnproval covers only 
the equipment as originally tested and recorded, and the substitution of 
new unapproved parts renders the apyroval of the equipment void, 


If the change as shown by the blue prints is a minor one, the Bureau 
can handle the matter expeditiously. If the blue prints show that the prow 
posed change affects any of the factors upon which the orizinal approval 
was.based, such as internal volume of the compartment, bolt spacing, width 
of flange, or strength of matcrial, the Bureau probably will ask that the 
redesigned compartment be forwarded for retest. The Bureau usually docs 
not judge the safety of compartments where the foregoing variables are inm 
volved without the aid of information afforded by official tests. If the 
Changed design satisfactorily meets the explosiontest requirement and if 
adequate drawings and specifications have been furnished, the Bureau can 
grant extension of an approval without undue delay. If the compartment 
fails, it is then necessary to submit new designs until a satisfactory © 


“One is available, 
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The members of the Bureau's electrical staff devote more than half of 
their time to the consideration of changes in designs already approved. As 
many as 250 changes have been authorizcd for certain permissible outfits. 
These changes are a necessary pert of progress and are so recognized, 


but close checking is cssential because in the maze of changes, some vital 
sofety feature may be overlooked. 
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